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1.  Stem cell fate governs hair graying and mela-
noma development
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The accumulation of an individual’s lifelong envi-
ronmental exposure, known as the “exposome”, has a 
significant impact on health. Somatic tissues undergo 
functional decline with age, exhibiting characteristic 
ageing phenotypes such as hair graying and cancer. 
However, specific genotoxins and signals driving 
each phenotype and their underlying cellular mecha-
nisms remain largely unknown. Importantly, DNA 
damage foci are relatively frequently found in somat-
ic stem cells in the skin during physiological aging. 
Using a DNA damage inducing model, we previously 
found that the induction of DNA double strand 
breaks (DSBs) advances the expression of aging phe-
notypes including hair graying. To study the fate and 
dynamics of DNA-damaged stem cells in tissues and 
the resultant impact in the expression of aging pheno-
types, we first focused on the melanocyte lineage and 
traced the fate of melanocyte stem cells (McSCs) 
which acquired DNA DSBs and demonstrated that 
those cells disappear from the niche, causing the loss 
of mature melanocytes for hair pigmentation.

We studied the impact of DSBs in McSCs and 
found that McSCs and their niche coordinately deter-
mine individual stem cell fate through antagonistic, 
stress-responsive pathways, depending on the type of 
genotoxic damage incurred. Chronological stem cell 
fate-tracking in mice revealed that McSCs undergo 
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Stem cell systems play fundamental roles in sustaining tissue turnover and 
homeostasis. Our goal is to understand the mechanisms of tissue aging and cancer 
development in mammals and to apply that knowledge to develop strategies to 
resist against tissue/organ aging, cancer development and other relevant diseases 
associated with aging. We further aim to apply this knowledge to drug discovery 
and the prevention and treatment of age-associated diseases.
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cellular senescence-associated differentiation (se-
no-differentiation) in response to DSBs and down-
stream signaling, resulting in their selective depletion 
and hair graying, effectively acting as a protective 
mechanism against melanoma development. Con-
versely, carcinogens can suppress McSC seno-differ-
entiation, even in DSB-harboring cells, by activating 
KITL (KIT ligand), a master niche factor for McSC 
self-renewal. Collectively, our data demonstrate that 
the fate of individual stem cell clones - expansion ver-
sus exhaustion - cumulatively and antagonistically 
governs a degenerative ageing phenotype and/or can-
cer development through the stem cell niche, depend-
ing on the exposome. We are currently testing wheth-
er DNA DSBs in other stem cells similarly promotes 
degenerative tissue aging.

2.  Fate tracing of hair follicle stem cells and their 
seno-differentiation clearance out of the niche
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Hair follicles, mammalian mini-organs that grow 
hair, miniaturize during aging, leading to hair thin-
ning and loss. In the event of severe genotoxicity such 
as DNA double-strand breaks (DSBs), stem cells are 
largely believed to choose between cell death (apop-
tosis) or irreversible cell cycle arrest (senescence) to 

prevent further damage to neighboring healthy cells 
and tissues. Accumulation of these senescent cells 
across organs has been implicated in disease and ag-
ing-related morbidities such as cancer and frailty. 
However, the exact fate and dynamics of sublethally 
damaged cells in tissues during aging/chemotherapy 
and the de- velopment of alopecia and where exactly 
senescent cells exist in tissues are still largely un-
known because of the lack of any single perfect mark-
er of senescent cells. Previous work from our group 
demonstrated that various stem cells in the skin will 
aberrantly commit to differentiation in response to 
DNA damage by abrogating their self-renewal capa-
bilities to discard unfit/stressed/aged stem cells. We 
are testing the unique hypothesis that the tissue youth 
is achieved through rapid, dynamic clearance of 
DNA-damaged cells out of the epithelia as a robust 
genomic quality control mechanism. We are evaluat-
ing a combination of recently devised mouse lines 
that can induce DSBs in a small number of stem cells 
to visualize and trace the exact fate, senescent state, 
and dynamics of those individual cells in epithelial 
tissue such as the hair follicle. We are in the process of 
characterizing the identity of those DNA-damaged 
HFSCs and their fate switching in the HFSC niche 
that leads to hair follicle miniaturization and hair 
loss. Taken together, our findings demonstrate a tis-
sue-autonomous mechanism within the hair follicle 
niche that can effectively discard DNA-damaged 
cells.
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